Psoriasis represents a common, chronic inflammatory disease involving the skin, nails and joints. Nail psoriasis in usually investigated and diagnosed by clinical examination. New insights support ultrasonography as being a non-invasive reliable imaging technique for studying nail and skin involvement in patients with psoriasis. Power Doppler frequency, higher than 10MHz enables a very sensitive detection and semiquantitative assessment of the blood flow at the dermal level and in the nail bed. In this review we will present the main US findings in skin and nail psoriasis, and discuss the importance of ultrasonography in diagnosing and monitoring psoriasis vulgaris.
Introduction
Psoriasis is a chronic, relapsing skin disease affecting millions of people worldwide, with a general prevalence estimated to be approximately 2-3% [1] . This complex skin disorder has an immune-mediated and multifactorial determination involving both genetic and environmental factors. Prototype illness of chronic dermatoses, psoriasis is a systemic inflammatory disease with an immunologic mechanism that combines dermic inflammation with secondary epidermic hyperplasia [2] .
Diagnosis of psoriasis is based on clinical history and physical examination, the histological examination remaining the standard reference for the final diagnosis [3] . Although the skin has the most characteristic findings of psoriasis, other organs, such as nails and joints, may be also affected in a great number of patients. For describing the entire spectrum of psoriasis clinical features, the designation ''psoriatic disease'' has been suggested [4] .
As reported by Van Laborde et al there is a 80% to 90% lifetime incidence of nail involvement in psoriatic patients [5] . Nail psoriasis is usually diagnosed only by physical examination, observed features depending on nail matrix or nail bed involvement. The presence of nail psoriasis is clinically relevant as patients often complain of pain, functional impairment and social burden, resulting in a significant restriction of daily activities and quality of life [6] [7] [8] .
Cases with only nail psoriasis are quite problematic because they often require nail biopsy, a painful procedure that may cause detrimental cosmetic permanent changes, and should only be used when diagnosis cannot be made by other means [9] .
High frequency ultrasound (HFUS) represents a noninvasive imaging method which allows viewing the anatomical and physiologic details of the skin and nails and provide the morphological appearance of the skin and nail lesions, together with changes of the underlying tissue [10] .
In this review we will describe the potential of ultrasonography using high frequency probes and power Doppler technique in depicting psoriasis induced skin and nail changes. The images exemplified in this report are rep-resentative examples of the ability of sonography to evidence and describe minimal morphostructural and blood flow changes in both psoriatic plaques and onychopathy.
Technical considerations
In order to provide optimal visualization for skin and nail, in ultrasound examination, high or very high frequency (15-40 MHz) linear broad bandwidth transducers are used. Using transducers with very high frequency characterized lesions in the submillimeter range (down to 0.1 mm) can be identified. Gray-scale ultrasound (2D) allows a good characterization of the changes in the skin or in the nails [10] . Doppler ultrasound allows visualization of the blood vessels with details about the presence of vascularization, the normal or abnormal appearance, the flow direction and velocity.
The images we provide in this review were taken by an experienced sonographer using a Ultrasonix System equipped with a variable-frequency transducer ranging from 20-40 MHz to visualize nail and skin anatomy. In order to observe blood flow we used a Hitachi EUB 8500 System equipped with a variable-frequency transducer ranging from 6.5-13 MHz.
Detailed study of skin and nails structure requires the use of high frequency transducers. As known, increasing the frequency will decrease the wavelength which will result in increasing the axial resolution of the ultrasound image. The ultrasound beam is narrowed at that depth revealing the best lateral resolution which improves the image quality and ensures high definition of tissue.
Both normal and psoriatic skin and nail lesions are first scanned in the gray scale mode to detect morphostructural changes and followed by power Doppler technique to detect blood flow in the dermis and nail bed, respectively.
Vascularization in psoriatic plaque was assessed using power-Doppler ultrasound (PD) paying attention not to apply pressure on the tissues under investigation and avoiding the ''blanching''of PD signal due to compression by the transducer [11] .
Due to the fact that normal thickness of the skin is widely variable according to the anatomic area, it is rational to perform an ultrasound comparison between the psoriatic plaque and the normal surrounding skin in the same area of the same patient. Guastalla et al suggested normal sonographic values of thickness in the different layers of the skin [12] . Ultrasonography may be useful to discriminate between inflammatory, vascular or tumoral pathology, not only for diagnosis, but also for monitoring the evolution under therapy and administered therapy efficiency assessment [10] .
Ultrasonography of the healthy skin
The skin consists of two layers: epidermis and dermis, but due to its proximity and frequent involvement in skin pathology, the subcutaneous tissue or hypodermis can be viewed as the third layer. Each of these three layers has a different sonographic appearance depending on its main components.
In normal non-glabrous skin, due to the presence of keratin, the epidermis appears as a thin, continuous hyperechoic line with homogeneous thickness or as a bilaminar hyperechoic and parallel lines in the glabrous skin of the palmar and plantar regions. Containing a large amount of collagen fibers the dermis is visualized as a hyperechoic and homogenuous band, but less bright than the epidermis, whereas the subcutaneuous tissue (with fat lobules) is characteristically hypoechoic with hyperechoic lines generated by fibrous septa of connective tissue [13] [14] [15] . Arterial and venous vessels located subcutaneous appear as thin anechoic tubes, while the bone surface appears as a separate hyperecohoic line (fig 1a) [10] .
Ultrasonography of the healthy nail
The nail unit is comprised of the nail plates (dorsal and ventral), nail bed, ungual matrix, periungual tissues (proximal and lateral nail folds), and the hyponychium.
On ultrasound, the components of the nail unit are clearly visible: the dorsal and ventral nail plates appear as bilaminar parallel hyperechoic lines (due to the highly keratinous component) with a virtual hypoechoic space in between. The nail bed has a hypoechoic band appearance, not clearly distinguishable from the underlying hypodermis, and usually turning slightly hyperechoic in the proximal region beneath the ungual matrix. The nail folds have ultrasonographic characteristics resembling to those of the nonglabrous skin, although with less fat lobules in the subcutaneous tissue [16] [17] . A continuous hyperechoic line below the nail bed corresponds to the dorsal bony margin of the distal phalanx (fig 1b) . Doppler color and power Doppler ultrasound can detect the presence of low-velocity blood flow within arterial and venous vessels in the nail bed (fig 2) [10, 13, 18] .
Psoriatic plaque
In psoriatic plaque, the changes are located both in the epidermis and dermis, without involvement of the underlying hypodermis. The sonographic features of the psoriatic plaque are easy to distinguish from the surrounding healthy skin. As a result of increased keratinocyte proliferation in the epidermis and abnormal concentration of proinflammatory cells in the dermis, these two skin layers appear thicker than normal surrounding skin when using grey-scale ultrasound examination. When marked thickening of the epidermis occurs there may be seen a posterior acoustic shadowing artifact, that impedes/obstructs a clear assessment of the underlying dermis (fig 3) [19] [20] [21] [22] . HFUS of a psoriatic plaque reveals a three-layer structure: a hyperechoic band that represents epidermal parakeratotic scaly superficial layer and suprapapillary epidermis, a non-echoic subepidermic band that corresponds to elongated epidermal rete ridges with congested and edematous loose connective tissue and, in the lower part, the reticular dermis appears as a hyperechoic band [19] .
Although not specific for psoriasis, a hypoechoic band in the upper dermis, corresponding to inflammatory edema and vasodilatation, was a commonly observed sonographic feature [23, 24] and reported as being a reliable indicator of active stages of the disease. Other inflammatory conditions such as acantoma, atopic dermatitis or contact dermatitis can also present this hypoechoic dermal band [23] .
Ultrasound indicators of effective therapy, as described on gray scale mode, were the reduction in thickness of both epidermal and dermal layers, and mainly the disappearance of the hypoechoic band in the superficial dermis [24, 25] .
Ultrasonographic monitoring of the activity and severity of psoriatic involvement has been the objective in several investigations in patients affected by this invalidating disease [26, 27] . Skin high-frequency ultrasonography may be used in evaluating local treatment response. Lacarrubba et al in a study on 30 patients using topical clobetasol propionate 0.05% foam, reported a reduction in psoriatic plaque thickness when monitoring treatment response with a 20-MHz HFUS [28] .
Depending on the severity in the active inflammatory phase, an increased blood flow signal within the dermis of the psoriatic plaque can be detected by color or power Doppler. A wide spectrum of dermal microvascular changes were reported: elongated, dilatated, and twisted capillary loops [19, 29] .
As reported, color and power Doppler ultrasound provides useful and valid assessment in short-term monitoring of disease activity and treatment efficacy [30] . Gutierrez et al found a significant correlation between power Doppler findings and both the extent of skin involvement and histopathological degree of vascularization before and after etanercept treatment. These data advocate in favor of validation power Doppler findings when assessing dermal perfusion changes in patients with plaque psoriasis [31] .
Ultrasonography in association with clinical examination was reported as useful in evaluating the therapeutic efficacy of oral cyclosporine in 20 patients with plaque psoriasis, the capillaroscopic vascular response being monitored through videodermatoscopy in order to detect early relapsing signs [32] .
Psoriatic nail
In psoriatic onychopathy the ultrasonographic morphologic changes are present in both dorsal and ventral nail plates, and also in the nail bed. Going from early to late nail psoriasis phases the ultrasound features are represented by the thickening of the nail bed (measured as the distance between the ventral plate and the bony margin of the distal phalanx), poorly defined ventral plate with focal hyperechoic areas, and thickening of both dorsal and ventral plates with a wavy-shaped or convex nail appearance. Initially the dorsal nail plate may show loss of definition and small hyperechoic areas, while in evolution irregular undulation and superficial depressions appear [13, 33] . Using the color or power Dop Fig 1. a) Normal appearance of the skin -gray scale ultrasound (e -epidermis, d -dermis, h -hypodermis); b) Normal appearance of the nail -2D ultrasound (vp -ventral plate, dp -dorsal plate, nb -nail bed, ph -bone surface of the distal phalanx) pler technique an increased blood flow can be detected within the nail bed, due to the tortuous, enlarged blood vessels ( fig 4) .
As reported by Gutierrez in a study on 30 patients with psoriasis compared with 15 healthy participants, an increased blood flow both in the dermis and the nail bed can be detected on active phases of onychopathy using power Doppler ultrasonography [13] .
A modified blood supply in the nail unit of patients with psoriasis was reported when assessing the Nailfold Vascularity Resistance Index (NVRI). Compared with healthy subjects, patients with psoriasis have a higher resistance to blood flow. The presence of nail involvement in patients with psoriasis was associated with elevated NVRI than in patients with psoriasis with no nail involvement. Husein El-Ahmed et al investigated the vascular resistance in nail vessels in 22 patients with psoriasis and found a higher resistance of the blood flow in psoriatic patients compared with healthy subjects [34] . Future studies on a larger series of patients and in correlations with histological data are warranted in order to support these observations.
Psoriatic arthropathy
Psoriatic arthropathy, the major systemic inflammatory complication of psoriasis, occurring in 5-30% of patients with cutaneous lesions [3] , involves axial skeleton and peripheral joints with a progressive and debilitating evolution. The initial sites of inflammation are the entheses, the Achilles tendon being the first to be affected. In a study conducted on 59 patients with chronic plaque psoriasis Pistone et al reported that ultrasonography of the Achilles tendon can detect enthesitis before clinical signs or symptoms and suggested the use of this technique in the early diagnosis of psoriatic arthropathy [35] .
When compared to clinical examination in assessing both disease activity and articular involvement in psoriatic arthritis, ultrasonography proved to be a sensitive method and provided complementary information to radiography and magnetic resonance imaging [36, 37] .
Studies in psoriasis cohorts including patients without clinical evidence of psoriatic arthritis, indicated a high prevalence of synovitis and enthesis damage [38, 39] . In a study comparing patients with psoriasis without musculoskeletal disease to patients with other skin diseases and no musculoskeletal disease, Naredo et al reported ultrasonography synovitis signs in 3.2% of joints and 1.3%, respectively [40] .
In patients with clinically classified early psoriatic oligoarthritis gray-scale and power Doppler ultrasonography detected subclinical synovitis in more joints than the clinical examination, allowing patients to be reclassified as having polyarthritis, as reported by Freeston et al [41] .
Due to the close anatomic connection between the nails and extensor digitorum tendon attachment to the bone and the periosteum, the higher prevalence of nail involvement in patients with psoriatic arthritis could be explained [42] . Recent studies underlined the existence of a link between nail psoriasis and synovio-entheseal complex in psoriatic arthritis [43] [44] [45] . Therefore the presence of nail changes in patients with distal interphalangeal joint involvement could be a clinical predictor of psoriatic arthritis and patients should be further investigated in order to enhance a precocious diagnosis [46, 47] .
Nail involvement in psoriasis causes psychosocial and aesthetic impairments, and is a predictor for more severe psoriasis and a higher risk for developing psoriatic arthritis [48] . 
Conclusions
Ultrasound examination represents an important non invasive imaging technique in the assessment of both psoriatic plaque and nail involvement in psoriasis vulgaris. Ultrasound can provide accurate information regarding the anatomy of the nail, nail bed and nail plates, and the Doppler technique enables dermis and nail bed blood supply assessment. Having no risk of irradiation, ultrasound can be used in diagnosing and long term treatment follow-up in psoriasis vulgaris. Studies aiming at investigating diagnostic value, validity issues including accuracy, and reproducibility are required to sustain the role of ultrasonography in evaluating skin and nail psoriasis induced modifications and to define the impact of these US findings in daily clinical practice.
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